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1 ( 1. A methocj df making single-wall carbon nanotubes which comprises: 

2 1 (a) making a vapor comprising carbon and one or more Group VIII 

3 transition metals by vaporizing a mixture of carbon and one or more Group VIII transition metals 

4 with a first laser pulse; 

5 * (b) * then condensing the vapor to form a single-wall carbon nanotube 
Jh having a live end; 

Hi ^ (c) then supplying carbon vapor to the line end of the single-wall carbon 

= u 

® nanotube while maintaining the live end of the single-wall carbon nanotube in an annealing zone. 

J 2 -^method"*iiT accordance with claim 1 wherein the one of more Group VIII 

9h transition metals are selected from the group consisting of cobalt, ruthenium, nickel and platinum. 

ji 3 . A method in accordance with claim 3 wherein the annealing zone is maintained 

T at a temperature of 1000° to 1400^€!and pre^ire of 100 to 800 Torr. 

1 4. A method An accordance withx^laim 3 wherein the annealing zone atmosphere 

2 comprises carbon and a gas selected fronMhe group ol argon, neon, helium, carbon monoxide, and 

3 mixtures thereof. \ I \ \\ 

1 5. A method in accordance wkh claimU wherein the annealing zone atmosphere 

2 consists essentially of carbon, one orwiore transition metals selected from the group consisting of 

3 iron, cobalt, ruthenium, nickel and platinum and a gas selected from the group of argon, neon, helium, 

4 Gaf^n^mnfoxideTand mixtures thereof . \ _ 
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^ , . : 6. /!^netEo31n accordance with claim J_w.h^iiiihe^^ making a vapor 
comprising carbon and one\or more Group VIII transition metals further comprises a second laser ^ 
pulse timed to arrive after tn^ finish of the first pulse and before the vapor made by the first laser 
pulse has dissipated and focused so that the energy from the second laser pulse is absorbed'by the 
vapor. 

7. A method of making single-wall carbon nanotubes which comprises 
vaporizing carbon and one or more Group Vm transition metals with a laser, 

transporting the vapor so formed through 

single-wall carbon nanotubes from the materai'that cori 


8. A method in accord 
transition metals are selected fro 
platinum. 


zone, condensing the vapor, and recovering 
enses from the vapor. 

v 

ce\with claim 7 wherein the one or more Group VIII 


)up 


/ 


ting 


Group VIII transition metals are mixed 
produce the vapor. 


of iron, cobalt, ruthenium, nickel and 


9. A method in accbrc ance with cf^inil8 wherein the carbon and one or more 
"ixed t 


gether to form/a target that is struck by a laser beam to 


10. A method in accordance with claim 9 wherein the carbon target is maintained 
in an annealing zone. 

11. A method in accordance with claim 10 wherein the annealing zone is 

maintained at a temperature of 1000° to 1400°C, the annealing zone ft maintained at a pressure of 

/ \ 
J.00 to 800 Torr., and the annealing zone atmosphere consists essentially of carbon, one or more 

transition metals selected -fkmrthe"grbup consisting of iron, cobalt, mtRenium, nickeLandLplatinum, 
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( ^n3Tgas-sd^ted-from.the gr oan consisting of arg o^ne^ Tnonbxid<fancl mixtures 


thereof. ^ 


12> A method of making carbon nanotubes which comprises: 


(a) ma|<ing a vapor qpmprising carbon by using a first laser pulse to ablate material 
from a target comprising carbon and then Using a second laser pulse timed to arrive at the target after 
the end of the first laser pulse and before the gnaterial ablated by the first laser pulse has dissipated 
and focused so that the energy from the secomklaser pulse is absorbed by the material ablated from 
the target by the first laser pulse to form a vapor^ 

(b) condensing the vapor to foi 

13. A method in accordance with dl&m 1 2 wherein the second laser pulse arrives 


at the target within a delay of from about / 20 hanosec^)] 
laser beam. 


about 60 ns after the end of the first 


wherein the target further comprises 



14. A method iiraccordance 
one or more^Group VIII transition metals. 

15. A method in accordance with claim 1 4 whel ^ein the one or more Group VIII 
transition metals are selected from the group consisting of iron, opbalt, ruthenium, nickel, and 
platinum. 

16. A method in accordance with claim 15 wherein the v^por i§ condensed to form 
. single- wall carbon nanotubes having'ayli ve end. 


HOU03A:368815J 


-30- 


V 


47 A-mahodjn accordance with claim 16 which further comprise.?, maintaining- 

v " ^ ^ " " / 

■to 


the live end of the single- wall carbon nanotube in an annealing zone and supplying carbon vapor 


the live end of the single-wall caroon nanotube. 


/ 


,18. A method in accordance with claim 17 wherein the target comprises 0. 1 to ,10 
atom percent of one or more Group VIH t^rait^on metals selected from the.group consisting of iron, 
cobalt, ruthenium, nickel, and platinum! 


19. 


maintained at a temperature of from ab 
annealing zone is maintained^TaboutifiQt 


A method in acApr^ai^pe vi?th claim 18 wherein the annealing zone is 

1000°C\to about 140(X°C, and the pressure in the 


./ 


abc 


\Torr., 


20. A method in accordance witlK claim 19 wherein the annealing zone is 


maintained in an atmosphere comprising carbon, ami a ga^^lected from the group of argon, neon, 

* / 
helium, carbon monoxide and mixtures thereof. 

21. A method in accordance with claim 1 9 v^jerein the delay is from about 40 ns 

to about 50 ns. 

22. A single-wall carbon nanotube product mad&in accordance with any of the 
methods of claims 12, 13, 14, 15, 19 or 21. 

23 . A rope of single-wall carbon nanotubes having 50 t\> 5000 single-wall carbon 
nanotubes of which greater than 10% are (10, 10) single-wall carbon nanotubes. - 

^ \ 

/ 24. A rope of single-wall carbon nanotubes in accordance with claim 23 wherein 

more than 50% are (10, 10) single- wall carbon nanotubes. ; 


HOU03A:36881S.J 


-31- 


i 

i 
s 
i 

2 

1_' 
2 

1 

V 

2-' 


# 


-^5: A rope of single-wall carbon nanotubes in accordance with claim 24 whereir 


2 more than 90% are (10, 10) single-wall carbon nanotubes. ' 

1 26. A rope of single-wall carbon nanotubes in accordance with claim 25 wherein 

2 the rope comprises 100 to 500 single-wall carbon nanotubes. 

) \ 

1 27. A rope of single-wall carbon nanotubes in accordance with claim 26 wherein 

2 the average diameter of all single-wall carbon naiaotubes in the,rope is 13 .8 A ± 0.3 A. y 

28. A rope of single-wall carbon nanotubes in accordance with claim 26 wherein 
^ the average diameter of all single- wall carbon nanotubes ip^th^rope is 13.8 A ± 0.2 A. 


29. A rope in accordance with daim^Svwherein the 2-D triangular lattice constant 


is 17A. 


.30. A rope of single-wall c 
comprising about 100 to about 500^single-wall 


ioh^anokibes in\ accordance with claim 23 
dirbon nanotubes of which greater than 50% are 


single-wall carbon nanotubes of 'the armchair form. 

• / I 

3 1 . A rope of single-wall carbon nanotubes in accordance with claim 30 wherein 
greater than 75% of the single-wall carbon nanotubes are of the armchair form. 

32. A rope of single-wall carbon nanotubes in accordance with claim 3 1 wherein 
greater than 90% of the single-wall carbon nanotubes are of the armchair torm. 

33. A rope of single-wall carbon nanotubes in accordance with claim 3Q wherein 
the ropes are produced by using solar energy to vaporize the carbon that forms th^ single- wall carbon 
nanotubes.- ' \:~~ s ~~ 
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